Introduction
It is important to improve safety, reliability and performance of the light water reactors (LWRs), as the era of LWR will continue at least for a few tens of years. Therefore it is necessary to show the direction of the new research and development (R&D) reflecting the progress of technology and the accumulation of experience on nuclear power generation. Moreover, it is necessary to carry out the R&D on nuclear safety efficiently and effectively; as resources, such as the human resources, funds, time and equipments are limited especially the amount of funds from private sector in Japan has decreased drastically these days. Under these situations, it is necessary that all the stakeholders, such as industry, government and academia related to the nuclear power in Japan, should extract the R&D subjects which should be carried out and draw roadmap of R&D on nuclear safety from a mid-and long-term viewpoint so that all the stakeholders can contribute efficiently and effectively in nuclear safety.
As the first step, Atomic Energy Society of Japan (AESJ) investigated the research needs for the safety of nuclear power generation by taking questionnaires from the society members. Then AESJ planned to draw R&D roadmap on the fields where cooperation in R&D is especially needed. According to the results of the questionnaire to the AESJ members, the main issues to improve safety, reliability and performance of LWRs are the power uprating and the future upgraded fuel development. Aging of power plan is also the important issue as 7 plants are already over 30 years in operation in Japan.
Drawing roadmap has the following significance to AESJ.
(1) Since drawing roadmap contributes to the development of nuclear power by cooperating with both members and related organizations, it agrees directly with the purpose of the activities of AESJ.
(2) The members exchange and discuss on the issue equally as one society member irrespective of the belonging of or affiliation of the member. AESJ is suitable as an organization that can draw the roadmap of the R&D in unbiased, neutral and fair position in which industrial, governmental and academic sectors are involved. (3) The Nuclear Safety Commission (NSC) of Japan expressed expectation to the academic societies to promote cooperation of industry, government and academia. Drawing roadmap by AESJ meets this expectation. (4) The result of the R&D based on the roadmap can contribute to standardization promotion. Moreover, the R&D items required for standard development can be incorporated in the roadmap in cooperation with the Standards Committee of AESJ.
The special technical committee established in AESJ under the sponsorship of Japan Nuclear Energy Safety Organization (JNES) carried out this roadmap drawing [1] . Under the special technical committee, three working groups were established, (1) power uprate, (2) future upgraded fuel development and (3) plant aging management. The special technical committee consists of well-balanced members from industry (electric utilities, plant makers, fuel makers, etc.), government and academia.
The roadmap of power uprate will be described in the next chapter as an example of roadmaps and an overview will be described on the roadmaps of future upgraded fuel development and plant aging management later.
Roadmap of power uprate
The power uprate is an effective means also from a viewpoint of greenhouse gas reduction and energy security. For example, if 10% power uprate of ten reactors can be carried out, it is equivalent to making one new reactor. However, power uprate is not performed in Japan until now. Many nuclear power generation plants are in Japan, and it has the potential that can acquire a lot of energy by power uprate without endangering safety. Based on these Japanese situations, it is meaningful to re-examine and to re-evaluate required technical subjects on the power uprate and to draw the roadmap on the power uprate.
In drawing roadmaps, types of power uprate were classified into the following three.
(1) Measurement uncertainties recapture (MU) type It is the same definition as the U.S. Nuclear Regulatory Commission (NRC). That is, power uprate is aimed at by using the improved calculation technology of reactor thermal power, such as an ultrasonic flowmeter.
(2) Stretch (S) type Power uprate is aimed at by making safety margin proper within the present plant performance and the present scope of the licensing analysis. The amount of power uprate depends on the plants. (3) Extended (E) type Power uprate is aimed at by improving performance by changing main components and (or) applying the advanced safety-analysis technique. The amount of power uprate depends on the plants.
Zero year of the time-axis of the roadmap was set at April, 2005, although the time-axis is just a desired value, that is, the time considered to be earliest possible from a technical viewpoint is indicated in the roadmap. The examination was done basically on the technical issues; however, because of the character of the power uprate, relation with regulation and licensing was also described in the roadmaps.
[Measurement uncertainties recapture (MU) type power uprate]
The ultrasonic flowmeter that has already been put in practical use has three types: Chordal type, Crossflow type, and External type. The licensing data of U.S. regulatory agencies and actual results of the plant in the U.S. can serve as leading information for the accuracy evaluation. The system applicability tests for each type have been performed also in Japan. Data for the accuracy of a flowmeter and stability over a long period are necessary to incorporate MU type power uprate.
When it is judged that the further actual proof test is necessary as a result of scientific examination and deliberation, it is required to perform the large-scale test under the conditions close to the actual plant. In addition, it is desirable to develop codes and standards by academic society from the viewpoint of safety to utilize ultrasonic flowmeter in the actual plant. A new style (flow velocity distribution type) ultrasonic flowmeter is under development originally in Japan and when it turns to be applicable to the actual plant, various proof tests will be required.
The roadmap of measurement uncertainties recapture (MU) type power uprate is shown in Fig. 1 The power uprate of stretch (S) type is possible by making safety margin proper using the present safety evaluation method and there is no new technical subject in particular. However, development of codes and standards by the academic society from viewpoint of safety is desired.
[Extended (E) type power uprate]
The present technical issues of the E type power uprate are the advancement of safety analysis and the advancement of the fuel. About the developed safety-analysis technique, R&D have already been performed in the private sector, the required preparation towards application to licensing and the safety review of these analyses codes are started and the early utilization is desired. It is also necessary for the regulatory side to improve the analysis technique for crosscheck analysis in accordance with the advancement of the safety analysis technique by the side of an applicant.
Although there is no new technical development subject about change of the main components for attaining large power uprate, development of codes and standards by academic societies are required from a safety point of view like S type. In addition, if any problem relevant to the power uprate occurs somewhere in the world, it is necessary to reflect it in the design and operation in Japan.
The roadmap of extension (E) type power uprate is shown in Fig. 2 . 
Toward Future.
By this roadmap, the issues on the safety towards the power uprate have become clear. Issues in the roadmap should be immediately started from a viewpoint of the measure against global warming gases, and efficient exploitation of energy. Whole Japan needs to tackle a major premise towards this subject conquest towards the power uprate maintaining safety. In response to this result, a new special technical committee was established in AESJ from September 2005 to technically evaluate the issues indicated in the roadmap. In this committee, the discussion and examination has started on the accuracy of the ultrasonic flowmeter and safety evaluation indicated that examination is required by this roadmap.
Overview of roadmaps of future upgraded fuel and plant aging management

Roadmap of future upgraded fuel development
The roadmaps for PWR and BWR future upgraded fuel are conceived, matching to the social demands for the nuclear industries in Japan; such as flexible operations of nuclear power plants which expose the fuels under demanding conditions, and rational safety regulation. The roadmaps have been drawn up for PWR and BWR respectively since the targets and interests are slightly different from each type.
The roadmap of future upgraded fuel development aims at rational study based on mechanistic approach to predict fuel cladding failure, material degradation due to irradiation, etc. With this mechanistic approach, it aims at, for example, constructing fuel failure model which can be applicable to wide rage of irradiation conditions and burn-up. Further it aims at developing rational standards for high burn-up fuel from the lower burn-up data extrapolated by the mechanistic model.
The roadmap consists of three stages. The stage 1 is the phase to study fundamentals to apply to the model. The stage 2 is the phase to verify the model developed in the phase 1 by actual variety of data and preparation to the application to the actual plants. The stage 3 is the phase to apply the model to the actual plant and further advancement of the model and data.
The roadmaps are organized 1) to have a flexible and rational system adaptable for any unexpected and/or expected matters such as scheduling, planning and results, 2) to enable to have technical or other discussion properly, 3) to utilize all the resources (facilities, human resources, time and funds) of the industries, the government and academic organizations in Japan and 4) to clarify the role of each of industry-authority-academia bodies to be utilized effectively.
Roadmap on the plant aging management
The roadmap for plant aging management summarizes the results of the discussion held by industry, government and academia based on a common understanding over the future strategies against aging phenomena observed at Japan's nuclear power plants in order to secure safety and reliability of the nuclear plants.
It was defined that the target of the roadmap was the "achievement of safety and reliability of nuclear power plants against aging phenomena".
We have decided to focus on the following four factors to develop the roadmap in an effective manner.
(1) Development of technology information infrastructure (2) Promotion of technology development (3) Development of codes and standards (4) Improvement of maintenance activities The development of the road map can be divided into 3 phases when looking at the coming 20 years. (a) Phase I (Development of the infrastructure: when the original nuclear power plant marks its 40 years of operation) (b) Phase II (Improvement of infrastructure through operation: when the original nuclear power plant marks its 50 years of operation) (c) Phase III (Future prospects: when the original nuclear power plant exceeds its 50 years of operation) 72 issues were identified as the subject of research and development constituting the roadmap. The 72 issues have been sorted out and narrowed down to 26 issues through the evaluation by the experts from industry, government and academia considering the "necessity".
The Plant Aging Management Investigation Committee, which was established by the Japanese government in December 2004, investigated possible aging management measures and issued a report entitled "Enhancement of Aging Management Measures at Commercial Power Reactors" as the Nuclear and Industrial Safety Agency report in August 2005. The report recommended that industry, government and academia should perform individual studies to select the concrete safety research subjects related to aging management by referring to the result of investigation into "The Roadmap for Plant Aging Management" and considering the importance and emergency. In accordance with the intention of this report, the Japanese government revised the rule on the establishment and operation of commercial power reactors (Ministry of Economy, Trade and Industry Ordinance No.77 issued in 1978) . In addition, the government issued in December 2005 the "Guideline on Implementation of Aging Management Measures", which specified the basic requirements for the implementation system and method of evaluations of the aging management measures taken by the electric utilities to deal with aging phenomena in plant components and structures, and the "Guideline on Review of the Standards for Aging Management Measures", which provided for the acceptance standards as well as the views and focuses in conducting the review of aging management measures in accordance with the above "Guideline on Implementation of Aging Management Measures". To facilitate appropriate implementation of evaluations of aging management technologies, the government has been making an effort to develop the "Technical Documents Regarding Aging Management Measures" including the review manual for technical evaluations according to aging phenomena since 2005.
Conclusion
Although the roadmaps are drawn and utilized effectively on safety R&D in the fields of power uprate, future upgraded fuel development and plant aging management, there left many fields where roadmaps should be drawn, especially in the fields where cooperation of industry, government and academia is necessary or effective in promoting R&D. And the roadmaps must be reviewed reflecting the progresses of research and changes of environmental conditions which surround the nuclear power generation. It is important for the roadmaps to be maintained and revised through the re-evaluation system organized by all the members from industry-government-academia bodies.
In this regard, the organization or the system is necessary in AESJ to take care of the roadmaps continuously. Specifically, the permanent committee should be set in AESJ which sees what roadmaps should be drawn and what roadmaps should be revised with unbiased, neutral, fair and transparent rules, cooperating with other organization, such as the standard committee in AESJ.
Reference
[1] Takashi Sawada, Koji Okamoto, Takayuki Terai, Naoto Sekimura, Itsurou Kimura, and Noriyoshi Maeda, "Roadmap on Research and Development Plans for the Safety of Nuclear Power Generation2, AESJ Journal Vol.48, No.2, 2006, pp94-107 
